Introduction
Patients with acute coronary syndromes (ACS) carry a poor prognosis. The Euro Heart Survey of Acute Coronary Syndromes global registry data indicate that the 30-day mortality rate ranges from approximately 2% for patients with unstable angina to 7% for patients with non-ST elevation myocardial infarction (NSTEMI) and 11% for those with ST elevation myocardial infarction (STEMI) [1] . Similarly, data from the Family Heart Study indicate that 25% of men and 38% of women will die within a year of having an initial, recognized myocardial infarction (MI). Another 18% of men and 35% of women will have a second MI within 6 years; myocardial damage will lead to cardiac failure in approximately 22% of men and 46% of women during this time [2] .
In light of the growing risk markers and aging population, ischemic heart disease is likely to remain the leading cause of morbidity and mortality in the foreseeable future and thus poses a key health challenge worldwide.
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Nephron Clin Pract 2011;119:c333-c337 c334 mend primary percutaneous coronary intervention (PCI) within 90 min of medical contact in STEMI patients presenting to hospitals with a PCI facility (Class 1, level of evidence A) [3] . Coronary angiography with intent to perform PCI (or CABG) is also recommended for STEMI patients treated with fibrinolytic agents who have cardiogenic shock, congestive heart failure, electrical instability or persistent ischemic symptoms [3] . Similarly, The 2007 ACC/AHA guidelines have given the early invasive strategy a class 1, level of evidence A recommendation for patients with UA/NSTEMI and high-risk features [4] . The goal is to minimize ischemia time by timely reperfusion, as this translates into important reductions in morbidity and mortality.
Poor Compliance with Treatment Guidelines in ACS Patients with Coexisting Chronic Kidney Disease
There is evidence that in the stratum of patients with chronic kidney disease (CKD), standard guidelines are not adhered to with respect to cardiac catheterization and PCI following ACS [5] [6] [7] . This is alarming because epidemiologic and natural history studies have confirmed that CKD is a prevalent, independent risk factor for all-cause and cardiovascular mortality. Hence, it is plausible that CKD patients would derive greater absolute benefits from an interventional strategy than patients without CKD.
The main barriers to implementing the ACC/AHA guidelines for the management of CKD patients with ACS include lack of prospective clinical trial data, atypical clinical presentation of ACS (lower peak of CK-MB concentration, less common ST segment elevation), under-recognition of a patient's poor prognosis and underestimation of therapy benefit. In addition, the 'phobia' of iodinated contrast media-induced acute kidney injury (ICI-AKI) has continued to haunt the medical community for more than a decade, leading to under-use of coronary angiogram/PCI in these patients [5, 8] .
Assessing the Risk-Benefit Ratio in CKD Patients Presenting with ACS
Risk is computed as the product of probability of the hazard and its potential impact, i.e. risk = (likelihood of event occurring) ! (impact of event occurring). Iodinated contrast media (ICM)-enhanced imaging is associated with risks that must be considered relative to the benefits of obtaining the imaging information. In the next sections, we will analyze the risks (in the context of ICI-AKI) and benefits of an ICM-based diagnostic/interventional study in a CKD patient with ACS.
Risk of Developing ICI-AKI Is Relative; ICI-AKI Is Usually Mild and Reversible
ICI-AKI is a term used to describe AKI secondary to intravascular administration of ICM [9] . The concept of ICI-AKI was substantiated by several earlier studies demonstrating an increased risk of AKI following cardiac procedures in CKD patients. It stimulated a lot of research interest because of its apparent adverse effect on short-term and long-term survival in affected patients. However, this clinical entity has also received its share of criticism with regards to its existence, as well as to its claimed cause-effect relationship with morbidity and mortality. Newhouse et al. [10] pointed out in their study that an increase in serum creatinine was observed as frequently in hospitalized patients who did not receive ICM as it was in reported series of patients who received ICM. Consequently the incidence of ICI-AKI might have been overestimated in previously published studies on ICI-AKI due to lack of a control group that did not receive ICM [10] . The diagnosis of ICI-AKI requires exclusion of other known causes of AKI, and at times it can be difficult to disentangle the effect of ICM from that of other coexisting risk factors, which leaves us uncertain about the etiology of AKI. Furthermore, the cause-effect relationship between ICI-AKI and adverse outcomes has not been established either. Development of ICI-AKI might just have identified a highrisk group of patients that would have fared poorly anyway.
The risk of developing ICI-AKI is relative, not absolute. Indeed, with the use of prevention strategies, the risk of clinically relevant ICI-AKI is quite low in most situations; the risk of severe ICI-AKI requiring dialysis after coronary angiography/PCI is even rare [11] . A recent study showed that coronary angiography and/or PCI (compared to medical treatment) did not cause further compromise of renal function at 6 months of follow-up in CKD patients with ACS [7] . Another retrospective analysis of 482 patients undergoing pretransplant screening coronary angiograms did not reveal any acceleration in the rate of decrease in renal function in these patients who had severe renal impairment [12] . Moreover, patients who develop ICI-AKI show only a mild rise in serum creatinine that returns to the baseline within 7-14 days, with no permanent sequelae. Hence, there is no justification c335 for attempting to predict wider negative impacts of ICM study.
Coronary Artery Disease Is Common, Severe and Associated with Worst Outcomes in CKD
Whether or not ICI-AKI exists, frequent development of coronary artery disease in CKD patients is a hard fact. Approximately 40% of patients who present with ACS have some degree of renal dysfunction [13] . Even a mildto-moderate degree of CKD constitutes an independent risk factor for the development of coronary artery disease [14, 15] , which tends to be far more severe due to the comorbid effects of diabetes mellitus and obesity, higher rates of vascular calcification, and a variety of nontraditional risk factors [16] . Furthermore, evidence is mounting that in patients with CKD (including those with mild CKD) cardiovascular morbidity and mortality is increased after ACS [6, 17, 18] . The relationship is linear and inverse such that mortality increases as glomerular filtration decreases [19] . Shlipak et al. [16] in their analysis of 130,099 elderly patients hospitalized with MI observed that 1-year mortality was 24% in patients with no renal insufficiency, 46% in patients with mild renal insufficiency and 66% in patients with moderate renal insufficiency. A similar trend was noted in two major trials of 18,000 patients with acute STEMI: GUSTO IIb and III [20] .
It is noteworthy that most CKD patients die a cardiovascular death before progressing to the stage of requiring renal replacement therapy. Keith et al. [21] followedup approximately 28,000 patients with CKD, and observed that only 3% of patients with stage II-IV disease progressed to renal replacement therapy, while 25% died over the 5-year observation period. Even among those with advanced stage IV disease, death prior to renal replacement therapy was more than twice as likely as progression to end-stage renal disease.
Intervention in ACS Saves Lives and Decreases Future Cardiovascular Events
The FRISC II trial showed that an early invasive treatment strategy reduced mortality and the occurrence of MI in patients with unstable coronary artery disease [22] . The TACTICS-TIMI 18 trial was the first study to show in a randomized manner that the beneficial effects of such treatment were maintained in patients with CKD [15] . Johnston et al. [19] performed a subgroup analysis of patients in the FRISC II trial who had CKD to evaluate the effect of early invasive versus conservative treatment strategy on long-term outcome. They substantiated the observations of the TACTICS-TIMI 18 trial by demonstrating a reduction in the raised risk of the composite of death and MI in patients with creatinine clearance ! 90 ml/min. These findings were also in accordance with two other previous studies that tried to address this issue. Keeley et al. [23] examined the outcomes of CKD patients with ACS in a large and prospectively collected database. They pointed out that long-term survival of patients with an estimated GFR ! 60 ml/min/1.73 m 2 was substantially superior in the patients treated with percutaneous coronary revascularization when compared with medical therapy alone. In another study, Hemmelgarn et al. [24] compared survival by treatment group (CABG, PCI or no revascularization) for patients with dialysis-dependent kidney disease, nondialysis-dependent kidney disease and a reference group. Overall, patients with kidney disease had poorer survival than the reference group, but revascularization was associated with a lower risk of death than no revascularization for all categories of kidney function.
A GUSTO-IV substudy showed lower 1-year mortality following revascularization in patients with renal dysfunction, with the absolute difference greater in patients with more severe renal impairment [25] . A recent collaborative meta-analysis of five randomized trials that enrolled approximately 1,500 patients with CKD illustrated that the benefits of an early invasive strategy were preserved in CKD patients with unstable angina or non-ST MI. This approach reduced the risk of rehospitalization, death and nonfatal reinfarction [8] .
Suggested Approach
We suggest wider use of coronary angiogram/intervention in CKD patients with ACS. We believe that in the setting of evolving STEMI, recurrent angina with ST segment depressions/raised cardiac enzymes or ACS with signs of acute heart failure/cardiogenic shock, there is no degree of renal dysfunction that constitutes a contraindication to immediate coronary intervention. In these situations, a patient's life is at risk and an aggressive approach is required to reperfuse the ischemic myocardium. This practice will also give us the opportunity to study the effect of myocardial revascularization in patients with advanced CKD -a subgroup that has usually been excluded from clinical studies.
Prophylactic interventions should be instituted to reduce the risk of ICI-AKI prior to coronary angiography. These include intravascular volume expansion with iso-c336 tonic saline or isotonic sodium bicarbonate, employing iso-osmolal or a nonionic low osmolality contrast medium (other than iohexol or ioxaglate) and limiting the dose of contrast medium to the minimum volume compatible with a diagnostic study.
We recognize that integration of an interventional approach into routine management of CKD stage IV and V patients may increase the risk of progression of renal disease and need for renal replacement therapy in a subset of these patients -a 'renal' price to pay for better cardiac outcomes, but worth the value.
